Introduction
Detonation is one kind violent combustion mode accompanied with a large amount of heat release within a short time [1] . It can be treated as one kind shock wave driven by chemical reaction and propagates with a supersonic speed [2] . Detonation is closely related to the energy use and production safety. In some cases, it is necessary to generate detonation waves to improve the utilization efficiency of fuel. Because detonation possesses the isovolumetric characteristic during chemical reaction, it has a higher mechanical efficiency than the general combustion mode [3] . Based on detonation, several kinds of aero-engines have been investigated recently such as Pulse Detonation Engine [4] , Rotating Detonation Engine [5] , Oblique Detonation ramjet-in-Tube [6] , etc. While in other cases, we should avoid the formation of detonation as far as possible or lower its destructiveness, such as In 2016, we conducted a preliminary study on the effects of NTC during detonation [30] . In that work, we found that the effect of NTC during detonation is to lower the reaction rate and prolong the ignition time. In this paper, we further study the characteristics of detonation under NTC based on the one-dimensional DBM model. An abnormal detonation phenomenon, where the detonation wave has two wave heads, is observed and carefully studied. 
where ,u  and T are, respectively, the density, velocity and temperature.  is the ratio of special heats.  is the chemical reaction rate, and Q is the amount of heat release per unit mass of fuel. While eq i f can be solved by the following seven equations:
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where i  is a free parameter introduced to describe the n extra degrees of freedom corresponding to molecular rotation and/or vibration [20] . In this paper
From multi-scale asymptotic expansion, we know that NS equations with chemical reaction can be de deduced from Eq.(1) under the condition of Eqs.(3)- (9) . Then, in order to solve the above seven equations, at least seven velocities are needed. The discrete velocities model adopted in this paper is schematically shown in Figure 1 . The corresponding values of discrete velocities are listed in Table 1 (3)Self-sustainable stable detonation As the last test, one-dimensional self-sustainable stable detonation is simulated. Considering that there is a rigid tube full of premixed combustible gas. The Initial condition in this tube is set as follows:
( , , , ) (1.38837, 0.57735,1.57856,1),
Parameters are set as The results are shown in Figure 4 . We can see that the self-sustain detonation with a stable wave speed is formed. Then we further compare the macro quantities behind the detonation wave at sound velocity surface with the CJ theoretical value. The corresponding values are shown in Table 2 . The relative errors are all less than 0.055. So we can conclude that the new DBM can be used to investigate the one-dimensional detonation problem. Under this chemical reaction case, an abnormal detonation phenomenon is obtained, which is shown in Figure 6 . Fig. 6(a) shows a normal stable detonation wave with a constant speed and a stable waveform, while Fig. 6(b) shows the abnormal detonation under the chemical reaction rate as shown in Figure 5 . For this abnormal detonation, there is no constant wave speed and the waveform changes periodically. From Fig.6(b) we can see the evolution of the waveform in one cycle. Firstly, at a certain time, a local hotspot generates behind the wave head. Then a local detonation wave appears and develops with a faster speed than its downstream wave. So the new formed detonation wave chases the front wave and finally the two waves are combined into an over-driven detonation wave. However, over-driven detonation wave cannot self-sustain, so the wave velocity is gradually reduced until it reaches to the CJ wave velocity. After that, a local hotspot generates again and a new cycle begins. 
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Discussion
In this section, we will discuss the causes of formation of the abnormal detonation wave. For convenience, we roughly divide the reaction into three stages according to the temperature. Those three stages are denoted as S1, S2 and S3, respectively, as shown in Figure 7 . The first stage (S1) has a fast reaction rate but at low temperature because of NTC. The second stage (S2) has a slow reaction rate at specific temperature range. The third stage (S3) has a fast reaction rate at high temperature and increases quickly with the increasing temperature. Fig. 7 Three stages of chemical reaction rate.
The development of abnormal detonation is shown in Figure 8 . At t=0.12 ( Fig. 8a) , the detonation wave is still a normal detonation followed by a long sparse wave region. The temperature behind the wave head has not reach the third stages (S3) in Figure 7 . So the chemical reaction has only the first two stages, S1 and S2. Then at t=0.13 (Fig. 8b) , a local hotspot appears in the sparse wave region and the temperature in this hotspot achieves to S3, so the third stage of chemical reaction appears. Because it has a much faster reaction rate in S3, a localized detonation wave is formed and developed quickly. The localized detonation moves forward and obtains more fuel. So, it continues to be strengthened and has an increasing wave speed. From Fig.8(c) we can see S3 gradually widens while S2 becomes gradually narrower. At t=0.145, the new formed detonation wave almost catches up with the front detonation wave. At this time, S2 is nearly disappeared (Fig. 8d) . After that, two waves are merged and the overdriven detonation wave occurs. Figure 9 (a) shows the overdriven detonation wave at t=0.155, which has a wave speed faster than the CJ detonation wave speed. At this time, almost all of the chemical reactions are in S3. However, overdriven detonation cannot self-sustain so sparse waves would be gradually formed behind the wave head. At t=0.165 (Fig.  9b) , the temperature behind the detonation wave front begins to drop due to the effect of the sparse wave. When the temperature behind the wave head declines to S2, the second stage chemical reaction occurs. Then the sparse waves behind the wave head continue developing and temperature behind the wave keeps dropping. When the temperature declines to S1, the first stage reaction occurs. As more and more fuel react in S1 and S2, reaction occur in S3 gradually decrease (Fig. 9c and Fig. 9d ). With the decrease of chemical reaction rate, the detonation wave speed gradually decreases to CJ detonation wave speed. At the next time, a local hotspot appears and a new local detonation wave is developed again. So, the above process is repeated. The whole process can be summarized by Figure 10 . In this work, we present a one-dimensional DBM for detonation. The validity of the new model is verified by three tests. Based on the new model, an abnormal detonation phenomenon is presented and its development process is analyzed. It is found that the main reason for the abnormal detonation is that the chemical reaction has three stages, namely S1, S2 and S3. For a normal detonation, the fuel mainly reacts in S1 and S2. At a certain time, a local hotspot is formed and a new detonation appears behind the old detonation wave front. Because the new detonation wave has a faster speed that the wave ahead, it catches up with the front wave and two waves merge at last. Then the speed of the detonation wave begins to slow down until it reaches CJ detonation wave speed. After that, the local hotspot appears again and the previous process reappears.
